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(54) Transmitting/receiving apparatus using, a plurality of spreading codes 



(57) Transmitting/receiving apparatuses are in- 
stalled in a base station and a mobile station, respec- 
tively, to perform mutual transmission arid reception by 
using a plurality of spreading codes. The transmitting/ 
receiving apparatus installed in the base station has a 
block (25 v 30) for designating to the mobile station the ' 
kind and the number of spreading codes used in a re- 
verse link from the mobile station to the base station 
through a forward link at the time that communication 
with the mobile station is started. The transmitting/re- 
ceiving apparatus installed in the mobile station has a 
block (130, 141) for transmitting a signal to the base sta- 



tion by using spreading codes of the designated kind 
and number. The transmitting/receiving apparatus in- 
stalled fn the base station further has a block (24 t ) for 
detecting receiving quality values of the signal transmit- 
ted from the mobile station with respect to individual 
„ spreading codes used in the mobile station, a block (24j , 
30) for deciding whether or not the detected receiving 
quality values exceed a prescribed quality value, and a 
block (30) for finally setting the kind and number of 
spreading codes to be used in the reverse link on the 
basis of the spreading codes for which the detected re- 
ceiving quality values are determined to exceed the pre- 
scribed quality value. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 



The present invention relates to a t«n 
DESCRIPTION OF THE RELATED ART ' ' ' * 
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Firstly, , he operation Q( m!? 9 ' 6 SPreadin9 «*>- " ' 09 C °^ eS a ' a ,ime ' « =an 

207 and a quadrature .^C^T 7 * F ^ ^c^S^ !T 5 ' 9na ' 2 ° S fr °™ 

d'grta converters (A/D converters ^f^l T' T^ ^ " nd ^'^ Z^IV"^ ^ (l " Ch » 
digital in-phaso s ignal2i5andadia,'fin, w ' B '° W " pass fil,era C-PF's) 209 and Pin 6 ' nputted to anal °9' 

fluency component, h£ ^^J™*^ 2 '* ^IC^ C ° nVerted **» « 
frequency in the A/D converters 21 a^rt^/i qUa0raU ^ signals 207-and 208 which! ?J 21 0ar °"sed to suppress 
208. Thedigitann-phase s^na 2l Sa nd d ?? d ' OShape Waveto ^s of theTX "e an d ,T °' 3 
a -in pU „ed,o20demodu,ar g ^S^^^^^I^S^^^^"'^ 207 -^ 
codes used during transmission Z" ?2 ° twentieth codes 227 Jnirhl, ^ conve "ers 213and214 
demodulating units 217, ,021 ^ ^ B ?T^^ a ^O^^^^^^ toBwao -P~»*»B 
first code 227 which is ide n « Iu 0 "nit 2,7, inc lud es d esp ^d er s 218 by ° ne ,0 the 

Phase signal 215 and the dig tal ^'"1°" * "V* 20 Sprea * 9 «^^Sla^ % tor " ,uH rt*'0 the 
221 „ a decoder 222, for dec<S no ,htf S ' 9na ' 21 6 ' ^spectively, to reproduce tZ • ,ransm,ssl °" "y the digital in- 
Poser 224, for deriving inform "n 1 re P"*"ced transmitting VtSS tra, ™g symbote 220, and 
contained in the bi, signaT^aTd Z^'" 9 W a " d ,he ^ 223 < ; and a ,ra ™ de'com- 

230 de liV ered out of the ZZ a l°^, ooL *" demodula ""9 un«s £5" fo 217' f" 9 COde in,0rma,i °" °^ed by 
231 , has a modulator 232 tor r^! ' 229 are in P utle « <° 20 modulatino ,, ni ^7 nSm, " in9 in '°™ a ti°n pieces 
signal (Q-ch) 234, S^ffi? ^J™""* "formatioCan n' ha fJi, !° 23 > The ™«**«<n9 Z 
signa! 234, by using.one o the screen "* s P rea *Processing Kf"'^ and 3 quadra,ure 

similarly ,0 me modulating un« 23 1 o ? 237 The rema W"9 n^ulaXu n lT ^ a " d the °" a *a,ure 
231 20 are added by add e ?s 240 fnd 241 S ' 9nalS 238 and °"'P"' signa s sfg s '° 231 *° a ' a instructed 
converted from digital signal '^l™??** ° U * Pl " ™ an li Z Z T" 3 "" 9 ^ 231 ' 10 
respectively. Output sional, lit T 9 ' 9 " als mea ™ °f digitalfenalon r™ 1 adders 24 °- a "d 241 are 

252 via LPFs 24B^ ^ ^ relcr f ? °' ° M ^verters^^I^;!" 6 "'^ ««^) 244 and 245 
and 249 are adapted Z *L °T' 7^1*° 3 base " band signal iTJonZl i '° 3 qua * a '"re modulate 

244 and 245 and'.o sha^^^^^-^-ponents I !, he ^S^/^ ^ The LPPs 2^ 
signal is up-converted from7h e P 1? OU ' PUt Si9na,S 245 247 oMho S ? °' lhe DM Convert ^ s 

converted into a transmitting J na i ZsTZ*, '° ""^ " eqU9 ' lc >' * ™™ T^ZT T 245 The ,F 

oneachothTr^ 

compared to a transmitting/receiving 
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apparatus adapted to transmit transmitting data by using a single spreading code, the service area is disadvantageously 
narrowed for the following reasons: 

(1) Much transmitting power is required lor transmission over the same distance; and 
5 (2) The transmitting distance is reduced when the transmitting power is made to be equal tor the both types of 

apparatuses. 

SUMMARY OF THE INVENTION 

10 An object of the present invention is to provide a transmitting/receiving apparatus using a plurality of spreading 

codes which can expand the service area. 

In a transmitting/receiving apparatus using a plurality of spreading codes according to the present invention, quality 
of a transmitting signal from a mobile station (hereinafter referred to as a reverse link signal) is examined in a base 
station and when the quality of the reverse link signal is bad : the number of spreading codes to be used is decreased 
is but on the other hand, when the quality of the reverse link signal is good, the number of spreading codes to be used 
is increased. An upper limit of the number of spreading codes is set to a value prescribed by the system. 

In a transmitting/receiving apparatus using a plurality of spreading codes according to the present invention, quality 
of a transmitting signal from a base station (hereinafter referred to as a forward link signal) is examined in a mobile 
station and when the quality of the forward link signal is bad, the number of spreading codes to be used is decreased 
20 but on the other hand, when Ihe quality of the forward link signal is good, the number of spreading codes to be used 
is increased. An upper limit of the number of spreading codes is set to a value prescribed by the system. 

More specifically, a first transmitting/ receiving apparatus using a plurality -of spreading codes according to the 
present invention is represented by transmitting/receiving apparatuses installed in a base station and a mobile station, 
respectively, to perform mutual transmission and reception' by using a plurality of spreading codes, 
25 ■• - . . • .-..)• ';.«••• %> - . :. ■ 

the transmitting/receiving apparatus installed, in the base station comprises means for designating to the mobile 
station the kind and the number of spreading codes to be used in a 1 reverse link from the mobile station to the base 
station through a forward link from the base station to the mobile 1 station^ at the time that communication with the 

• mobile station is started; • ' 

30 the transmitting/receiving apparatus installed in the mobile station comprises means for transmitting a signal to 

• the base station by using the spreading codes of the designated kind and number,- and ' - 

the transmitting/receiving apparatus installed in the base station further- comprises means for detecting receiving 
quality values of the signal transmitted from the mobile station with respect to 'individual spreading codes used in 
the mobile station, means for deciding whether the detected receiving quality values exceed a prescribed quality 
35 value, and means for finally setting the kind and the number of spreading codes to be used in the reverse link on 

the basis of spreading codes for which the detected receiving quality values are determined to exceed the pre- 
scribed quality. 

A second transmitting/receiving apparatus using a plurality of spreading codes according to the present invention 
40 is represented by transmitting/receiving apparatuses installed in a base station and a mobile station, respectively, to 
perform mutual transmission and reception by using a plurality of spreading codes, 

the transmitting/receiving apparatus installed in the base station comprises means for designating to the mobile 
station the kind and the number of spreading codes to be used in a forward link from the base station to the mobile 

45 station through the forward link at the time that communication with the mobile station is started, and means for 

transmitting a signal to the mobile station by using the spreading codes of the designated kind and number, and 
the transmitting/receiving apparatus installed in the mobile station comprises means for detecting receiving quality 
values of the signal transmitted from the base station with respect to individual spreading codes, means for deciding 
whether the detected receiving quality values exceed a prescribed quality value, and means for finally setting the 

so kind and the number of spreading codes to be used in the forward link on the basis of spreading codes for which 

the detected receiving quality values are determined to exceed the prescribed quality value. 

A third transmitting/receiving apparatus using a plurality of spreading codes according to the present invention is 
represented by a transmitting/receiving apparatus for performing transmission and reception by using a plurality spread- 
ss jng codes, and the transmitting/ receiving apparatus comprises: 

means for detecting quality values of a receiving signal with respect to individual spreading codes; 
means for deciding whether or not the detected quality values exceed a prescribed quality value; and 
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^-^'b^ZTp^^,^ ^ «* «*h .he de.ec.ed qu al i, y vatues are 

[^^^ a^ ingt o the present jnvention is 

..me nature and data no. required of %^^^t^^^T " nd °< v ° ice of rea! 

receiving apparatus comprises: X 9 3 P " Jralrty of s P r eading codes, and the transmitting/ 

..me nature and date no. required of L'Le a IrXvT J***" " ^ °' real 

receiving apparatus comprises: X 9 a P lura "<y °' spreading codes, and the transmitting/ 

BRIEF DESCRIPTION OF THE DRAWINGS ! 

,an^ -"ingoing apparatus for P e rt orming 

.oa^L^^ 

^ZZ£X£Z^££^ * 3 m ° bi '~ "* —Receiving apparatus ac- 
embcl^ol SSSSErT" ° Pera,i0n °' —receiving apparatus accord.g ,o , he firs, 
orno^o 3 , ^p^tST ^ ° P6rata " ^—^no/receiving apparatus according to a second 

im en?on h : P a r ::rn^ 

^ 7 -C^^!r* B 0Pera,i ° n - 3 '~«-~n g apparatus according to a fount, em- 
■mJiS L"S^^ P ' ,,nh8 °' 9 "Reiving apparatus according to a ,i„ h embod . 

--^VC^'SS*" OPera " 0n * ^ —9/raceMng a PP ara,s according to .he six.h 
er^^Z^^* 9 ^ °< a —^receiving appara.us according to a seventh 

bedims 9 :, ^SSCSS: '™ ^ '~"«ng apparatus according to the seventh em- 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

5 A base station side transmitting/receiving apparatus according to a first embodiment of the present invention is 

installed in a base station of CDMA system. The base station can afford to use 20 spreading codes for reverse and 
forward links, respectively, at a time. Namely, the base station can accommodate 20 mobile stations each using a 
single spreading code. . .. . 

As shown in Fig. 2, a receiver of the base station side transmitting/receiving apparatus of the present embodiment 

io comprises an antenna 1, a switch 2, a down-converter 4 : a quadrature detector 6, two low-pass filters (LPF's) 9 and 
10, two analog/digital converters (A/D converters) 13 and 14, twenty demodulating units to 17 20 , a reception code 
generator 28, and a code number assigning sequence processor 30. The demodulating unit 1 7, includes two despread- 
ers 18, and 19-,, a decoder 22,, a frame decomposer 25 1( and a quality presumer 24,. The remaining demodulating 
units 17 2 to 17 20 are constructed similarly to the demodulating unit 17,. 

1$ A transmitter of the base station side transmitting/receiving apparatus of the present embodiment comprises a 

frame assembler 33, twenty modulating units 35, to 35 20 , a transmission code generator 41, two adders 45 and 46, 
two digital/analog converters (D/A converters) 49 and 50, two low-pass filters (LPF's) 53 and 54, a quadrature modulator 
57, and an up-converter 59. The modulating unit 35, includes* a modulator 36, and two spreaders 39-, and 40, . Each 
of the remaining modulating units 352 to 35^ is constructed similarly to the modulating unit 35, . 

20 The operation of the receiver of the base station side transmitting/receiving apparatus according to the present 

embodiment will be described. By transferring the switch 2 to the down -converter 4, a receiving signal 3 received by 
the antenna 1 is inputted to the down -converter 4. In the down -converter 4, a carrier frequency of the receiving signal 
3 is down -converted to an IF frequency, so that the receiving signal 3 is converted into an IF signal 5. In the quadrature 
detector 6, the IF signal 5 from the down-converter 4 is quadrature-detected, so that the IF signal 5 is converted into 

25 an tn-phasc signal (I -ch) 7 and a quadrature signal (Q-ch) 8. The in-phasc signal 7 and quadrature signal 8 arc inputted 
to A/D converters 1 3 and 14 via the LPF's 9 and 10 so as to be converted into a digital in-phase signal 15 and a digital 

• quadrature signal 16, respectively. The LPF's 9 and 10 are used to suppress frequency components in the in-phase 
and quadrature signals 7 and 8 which are 1/2 or more of a sampling frequency in the A/D converters 13 and 14 and 

• to shape waveforms of the in-phase and quadrature signals 7 and 8 . The digital in-phase signal 15 and the digital 
30 quadrature signal 16 delivered out of the A/D converters 13 and. 14 are inputted to the 20 demodulating units 17, to 
1 7 20 . First to twentieth codes 29, which are identical to the 20 spreading codes used during transmission, are generated 
by the reception code generator 28 and inputted one by one to the'demodulating units 17, to 17 20 . In the despreaders 
18, and 19, in the demodulating unit 17,, the first code 29 which is identical to the first one of the 20 spreading codes 

• used during transmission is multiplied by the digital in-phase signal 1 5 and the digital quadrature signal ,1 6, so that two 
35 transmitting symbols 20, and 21, are reproduced. The thus reproduced two transmitting symbols 20, and 21, are 

decoded to a bit signal 23, by means of the decoder 22, . In the frame decomposer 25,, information regarding the kind 
and the number of the spreading codes is derived from a format contained in the bit signal 23, and received data 26 
of the first code is formed which in turn is delivered out of the frame decomposer 25,. The remaining demodulating 
units 1 7 2 to 1 7 20 operate similarly to the demodulating unit 17,. 
40 in the quality presumer 24,, receiving quality (link quality) is examined using the bit signal 23,. For examination 

of the receiving quality, the following methods can be enumerated. 

(a) Determination using the phase likelihood of reproduced symbols after despread. 

The receiving quality is examined on the basis of a phase difference between transmitting and receiving 
45 signals. 

(b) Determination using the likelihood of reproduced symbols after despread. 

The receiving quality is examined on the basis of a vector error (likelihood) between transmitting and receiving 
signals. 

(c) Determination based on CRC 

so in the base station side transmitting/receiving apparatus of the present embodiment, the receiving .quality is ex- 

amined using the determination based on CRC. 

In the codo number assigning sequence processor 30, the information concerning the kind and the number of the 
spreading codes sent from the frame decomposers 25, to 25 20 of the decoding units 17, to 17 20 and the information 
55 concerning the receiving quality sent from the quality presumers 24, to 24 20 are used to perform assignment of the 
kind (contents) and the number of the spreading codes. Details of the assignment will be described hereinafter in 
connection with an operation to be described later carried out between the base station side transmitting/receiving 
apparatus and mobile station side transmitting/receiving apparatus according to the present embodiment. 
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the number of the spreading codes (signal 31 and a dl amo Unl of ^ 9 3 ' rame ,0mTO ' in ac <=°* a nc e with 
generator 41 . spreading codes 42 to be usee . J^e^S," toEST^ f *" '™ ss ™ «*e 

* codes (s.gnal 31 ) sent from the code number assiani™ ' !f ' h ° k '" d Snd ,he number °' spreading 
delivered out of the frame assembler 33TS h?i!^^- P 'l 0CM * , 3 ° Transmi,tin 9 information pieces M 
the modulating unit 35„ the transm* ing T ^ '° ^ * he 36 i - 
s.gnal (Q-ch) 38,. In the spreaders 39, and T ^ oUhe sordino ^ 37 1 and a quadrature 
generator 41 is used to spread-process the incase sian^ «nH m 9 ^ 42 ^ ' r ° m ,he '^nsmission code 

» fating units 35 2 to 35 20 operate similar* to i^ffitT^ 38 ' ^ ^i™ 9 ™ dU - 

• modulating units 35, to 35 20 are added by the adders TLd 46 r «n»T T 9 ^ 3 a " d ° 0tput si 9 nals 44 < ram »e 
45 and 46 are converted from digital signals to anatoo ZSL h!' reSpeCt ' Ve u ly ° U, P U ' si 3™* 47 and 48-of the adders 
Output signals 51 and 52 of ^eD^ZT^T^tJj^r^ "T °' A 49 -"«« 50. respective*. 

. signals 55 and 56 of the LPPs 53 and S^are nplea to .hfn, Z *° LPF ' S 53 3nd 54 ' ^spectivefy. Output 

" converted intoan IF signal 58. The LPFs 53 an^4 are 6 modulator . 57,so that a base-band signal is 

signals si and 52 of the Of A converters 49 ^d 50 and tfsh™ T° ^ ha "™'' C c ^P°nents in the output 
A converters 49 and 50. The IF signal ^t^ZlTt^ZT, ™ °' ° U,pU ' S ' 9nalS 51 and 52 °< the D/ 
, up-converter 59 so as to be converted into a£Sg s qna. 60 TheZTT 3 ^ * means °' tne 

1 via the switch 2 and transmitted to the mobile sTatton transmtttmg s,gnal 60 is inputted to the antenna 

tous^i^ 

mobile.station side transmitting/receiving ^TT'T^ ^ As ShOWn in ^ 3 - th ° 

a quadrature detector 106 the IF sianaMOS fr^^ h " 9 S ' 9na ' 103 iS c °"™rted into an IF signal 1 05 In 

be convened hto an in-phase ^nal^ 'T^ 0 " as * 

quadrature signal 108 are. inputted to converters 1^ 3 ant 14 TfJ^ 0 * ^ h " PhaSe ^ 107 and..he 
digital in-phase signal! 15 anda digital quadrature stona ],^^^^J^"°" Mto * Bon ^<«l°* 
frequency components of the in-phase signal 107 and ouad^ * f FS 109a ^ "Oare used to suppress 
frequency in the A/D converters «3an*1l^ndtoSna^^^m T'* M 1/2 ° r m0re °' a «"P*>9 
108. The digital in-phase signal , 15 an(J ^aTauS^ ! TJilJ^'^T "* signals 107 and 

1 14 are inputted to 3 demodulating units 117? to Hfe S ? T ° M ' °' ,he **> conve ^rs 11 3 and 
spreading codes used during transmission/are generated^ a receln^ *** id8n,iCa ' *° ,hree °' 20 
to the demodulating units 117, to 117,. In despread^ 1 111 i f n8 ^ 1ffl( ^ lnp,,,todo "« b »«'«» 

Phase signal 115 and the digital quadrature 2T^ mul.blM ta^ * 9 , da ™ dUla,ln 0 unit 117 t th. digital in- 
one of the 3 spreading codes to reproduce tJTan,mmLZX^ ^ T 129 WhiCh iS ident ^l.tothe first 
symbols 120, and 121, are decoded to a bTsiqnalTps bv f \ 121,1 The tnus re P'<*uced transmitting 
information concerning.he kind and the number of the llrt^ e t £ ^ * Uam6 d6c °-P°ser 125," 
bitsignal 123, and at the same time receiving Tdata V» Zi tTZl^ , * ,r ° ma ,rame <°""* contained in the 
unrts 117 2 and H7 3 operate similarly to the de^S ^«,17 ls '°™edand delivered. The remaining decoding 

r^ntd^^^ 

from the. frame decomposers 125, to 125, onheTm^l and ,h , e " umber °' the spreading codes which is sent 
receiving qualily which is sen, from ft. q^f^^S ZVl'nVV 3 T* *" in,0rmati ° n Concemi "9 «» 
hereinanerinconnectionwitbanoperatio^tobrdescre^:^ 
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receiving apparatus and the mobile station side transmitting/receiving apparatus according to the present embodiment. 

The operation of a transmitter of the mobile station side transmitting/receiving apparatus according to the present 
embodiment will be described. In a frame assembler 133, transmitting data' 132 is arranged in a frame format in ac- 
cordance with the number of the spreading codes (signal 1 31 ) sent from the code number assigning sequence proc- 

5 essor 1 30 and a data amount of the transmitting data 1 32. In a transmission code generator 1 41 , spreading codes 1 42 
to be used are determined on the basis of the kind and the number of the spreading codes (signal 131) sent from the 
code number assigning sequence processor 130. Transmitting information pieces 1 34 delivered out of the frame as- 
sembler 133 are inputted to 3 modulating units 135, to 135 3 . In a modulator 136, of the modulating unit 135,, the 
transmitting information 1 34 is mapped to an in-phase signal (l^h) 1 37, and a quadrature signal (Q-ch) 1 38, . Spreaders 

10 1 39, and 1 40, use one of the 3 spreading codes 1 42 sent from the transmission code generator 1 41 to spread-process 
the in-phase and quadrature signals 137, and 138,. The remaining modulating units 135 2 and 135 3 operate similarly 
to the modulating unit 135,. Output signals 143 and output signals 1 44 of the modulating units 135, to 1 35 3 are added 
by means of adders 145 and 146, respectively. Output signals 147 and 148 of the adders 145 and 146 are converted 
from digital signals to analog signals by means of D/A converters 149 and 150, respectively. Output signals 151 and 

15 152 of the D/A* converters' 149 and 150 are inputted to LPF's 153 and 154, respectively. Output signals 155 and 156 
of the LPF's 153 and 154 are inputted to a quadrature modulator 157, so that a base-band signal is converted into an 
IF signal 158. The LPF's 153 and 154 are adapted to eliminate higher harmonic components in the output signals 151 
and 152 of the D/A converters 149 and 150 and to shape waveforms of the output signals 151 and 152 of the D/A 
converters 149 and 150. The IF signal 158 is up-converted from an IF frequency to a carrier frequency by means of 

20 an up-converler 159 so as to be converted inlo a transmitting signal I "1 60. The transmitting signal 160 is inputted to the 
antenna 101 via the switch 102 and transmitted to the'mobile station. " ' 

- Referring now to Fig. 4, a method of determining the number of spreading codes at the time that transmission is 
started in- an operation between the base station side transmitting/receiving apparatus according to the present inven- 
tion and the mobile station side transmitting/receiving apparatus according to' the present invention will be described. 

2S Here, a description will be given of the case where the basb station requests the mobile station to perform transmission 

using three kinds of spreading codes through a'forwardfink but the description 'can be applied similarly to the case \ 
where the mobile station requests the base station to perform' transmission using three kinds of spreading codes. v 

First Process - ' ' " " ~ ' • 

30 . ■ - i ■ • * ■ 

When the base station requests the mobile station to preform forward link transmission using three kinds of spread- 
ing codes, the kind and the number of the spreading codes are transmitted from the base station side transmitting/ 
receiving apparatus to the mobile station side transmitting/receiving apparatus through the forward link. When the 
mobile station requests the base station to perform transmission using three kinds of spreading codes, the transmission 
35 request is received by the base station and the kind and the number of the spreading codes are transmitted from the 
base station side transmitting/receiving apparatus to the mobile station side transmitting/receiving apparatus a forward 
- link. ' 

Second Process * 

40 

In the mobile station side transmitting/ receiving apparatus,' the receiver applies despread and decoding processes 
to a receiving signal to reproduce transmitting symbols. The reproduced transmitting symbols are channel-decoded 
and the kind and the number of transmitted spreading codes are inputted to the code number assigning sequence 
processor 1 30. In the code number assigning sequence processor 130, transmitting data is assigned to a frame format 
45 in accordance with the kind and the number of the spreading codes: In the transmission code generator 1 28, maximally 
three spreading codes are generated on the basis of the kind and the number of spreading codes to be used in the 
next transmission. A transmitting signal is mapped to an in-phase signal and a quadrature signal which in turn are 
spread and then transmitted to the base station side transmitting/receiving apparatus. 

so Third Process 

In the base station side transmitting/receiving apparatus, the transmitting signal (reverse link signal) using a plu- 
rality of spreading codes transmitted from the mobile station side transmitting/receiving apparatus is received and 
subjected to despread and decoding processes so as to reproduce transmitting symbols (step S1 ). Subsequently, the 
55 transmitting symbols reproduced every spreading code are subjected to the aforementioned receiving quality presump- 
tion process (step S2). A result of the receiving quality presumption obtained every spreading code is sent to the code 
number assigning sequence processor 30 and compared with a prescribed value (step S3). The kind and the number 
of spreading codes for which the result values of receiving quality presumption are determined to exceed the prescribed 
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the program proceeds to a third process to be described later (step S12). 



Second Process 

s When a predetermined time (first setting value) has elapsed following determination that the number (L) of spread- 

ing codes to be assigned to the reverse link is 1 (namely, when counter value Tl = first setting value), transmission is 
requested with the kind of spreading codes changed to K and thereafter, the counter is reset (steps S13 to SI 5). On 
the other hand, when the predetermined time (first setting value) has not elapsed following determination that the 
number (L) of spreading codes to be assigned to the reverse link is 1, transmission is requested with the kind of 

io spreading codes kept to be one and thereafter the counter is incremented (steps S16 and S17). Subsequently, the 
program proceeds to the normal transmitting/receiving mode and the procedure ends (step S1 9). 

Third Process 

15 Presumption of receiving quality using determination based on, for example, CRC is performed every spreading 

code (step S20) to determine the number (N) of spread codes having receiving quality values which exceed a prescribed 
value. When the determined number (N) is 0, transmission is requested with the kind of spreading codes kept to be a 
preset value (M) (steps S21 and S22). When the determined number (N) is larger than 0 and is smaller than the number 
(L) of spreading codes to be assigned to the reverse link (namely, when 0 < N < L) or when the determined number 

20 (N) equals the number (L) of spreading codes to be assigned to the reverse link and equals a maximum (Nmax) of the 
number of spreading codes to be assigned to the reverse link (namely, when N = L and N = Nmax), transmission is 
requested with the kind (for example, when the spreading code is of an M series, a length of the M series) set to N 
(steps S21 and S23). Further, when the determined number (N) is equal to the number (L) of-spreading codes to be 
assigned to the reverse ! ink and is smaller than the maximum (Nmax) of the number of spreading codes to be assigned 

2S to the reverse link (namely, when N = L and N < Nmax),- a processes below is carried out. More particularly, when a 
predetermined time (second setting Value) has 1 elapsed following setting of the number of spreading codes to be as- 
signed to L (namely, when counter value T2 = second setting value), transmission is requested with the kind of spreading 
codes changed to L+f (steps S21, S24 and S25) arid thereafter the counter is reset (step S26). On the other hand, 
when the predetermined time (second setting value) has not elapsed 'following setting of the number of spreading 

30 codes to be assigned to L. transmission is requested with the kind of spreading codes kept to be L (steps S21 , S24 
and S27) and thereafter, the counter is incremented (step S28). After the above steps S22, S23. S26 and S28 end, 
the program proceeds to the normal transmitting/receiving mode and th'e procedure ends (step S1 9). ' ' 

. As described above, in the transmitting/ receiving apparatus according to the second embodiment of the present 
invention, for the purpose of maintaining the predetermined communication quality against even a change in reverse 

35 [ink quality due to movement of the mobile station during communication, the communication quality of reverse link is 
presumed in the base station and the kind and the number of spreading codes are adaptively controlled in accordance 
with the presumed communication quality. Further, the time required for communication can be decreased by increasing 
the kind and the numberof spreading codes to be assigned when the link quality is improved. 

40 (Third Embodiment) - - 

A base station side transmitting/receiving apparatus and a' mobile station side transmitting/ receiving apparatus 
according to a third embodiment of the present invention are constructed similarly to the previously-described base 
station side transmitting/ receiving apparatus and mobile station side transmitting/receiving apparatus according to the 
45 first embodiment and therefore, the operation of the base station side transmitting/receiving apparatus and mobile 
<■ station side transmitting/receiving apparatus according to the third embodiment will be described with reference to a 
flow chart shown in Fig. 6. In an operational example shown in the flow chart, forward link transmission from the base 
station to the mobile station is requested using three kinds of spreading codes but a request for transmission Irom the 
' mobile station to the base station using three kinds of spreading codes can be fulfilled similarly. 

so 

First Process 

The kind and the number of spreading codes are transmitted from the base station to the mobile station through 
a forward link. But in the case where the mobile station makes a request, the transmission request from the base station 
55 js first received and thereafter, the kind and the number of spreading codes are transmitted from the mobile station to 
the base station through a reverse link. 
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the fourth embodiment of the present invention are constructed similarly to the previously-described base station side 
transmitting and mobile station side transmitting/receiving apparatus according to the first embodiment and therefore, 
the operation of the base station side transmitting/receiving apparatus and mobile station side transmitting/receiving 
apparatus according to the fourth embodiment of the invention will be described hereunder with reference to a flow 
5 chart shown in Fig. 7. 

First Process 

In the mobile station, a forward link signal from the base station is received at a time point during communication 
to and the receiving' signal is subjected to despread and decoding processes to reproduce transmitting symbols (step 
S61). When the number (L) of spreading 'codes to beassigned to the forward link is 1, the program proceeds to a 
second process to be described below and when the number (L) of spreading codes to be assigned is larger than 2, 
the program proceeds to a third process to be described later (step S62). 

15 Second Process : ~" 

When a predetermined time (first setting value) has elapsed following determination that the number (L) of spread- 
ing codes to be assigned to the forward link is 1 (namely, when counter value Tl = first setting value), transmission is 
requested with the kind of spreading codes changed to K and thereafter, the counter is reset (steps S63 to S65). On 
20 ihe other hand, when the predetermined lime (first setting value) has not elapsed following determination that the 
number (L) of spreading codes to be assigned to the forward link is 1, transmission is requested with the kind of 
spreading codes kept to be one and thereafter, the counter is incremented (steps S66 and S67). Subsequently, the 
program proceeds to the normal transmitting/receiving mode and the procedure ends (step S69). 

25 Third Process ' 

Presumption of receiving quality using determination based on,' for example, CRC is performed every spreading 
code (step S70) to determine the number (N) of spreading' codes having receiving quality values which exceed a 
prescribed value. When the determined number (N) is 0, transmission is requested with the kind of spreading codes 

30 kept to be a preset value (M) (steps S71 and S72). When the determined number (N) is larger than 0 and is smaller 
than the number (L) of spreading codes to be assigned to the forward link (namely, when 0 < N < L) or when the 
determined number (N) equals the number (L) of spreading codes to be assigned to the forward link and equals a 
maximum (Nmax) of the number of spreading codes to be' assigned to the forward link (namely, when N = L and N = 
Nmax), transmission is requested with the kind of spreading codes set to N (steps S71 and S73). Further, when the 

35 determined number (N) is equal to the number (L) of spreading codes to be assigned to the forward link and is smaller 
than the maximum (Nmax) of the number of spreading codes to be assigned to the forward link (namely, when N = L 
and N < Nmax), a process as below is carried out. More particularly, when a predetermined time (second setting value) 
has elapsed following setting of the number of spreading codes to be assigned to L (namely, when counter value T2 
= second setting value), transmission is requested with the kind of spreading codes changed to L+1 (steps S71 , S74 

40 and S75) and thereafter the counter is reset (step S76). On the other hand, when the predetermined time (second 
setting value) has not elapsed following setting of the number of spreading codes to be assigned to L, transmission is 
requested with the kind of spreading codes kept to be L (steps S71 , S74 and S77) and thereafter the counter is incre- 
mented (step S78). After the above steps S72, S73, S76 and S78 end, the program proceeds to the normal transmitting/ 
receiving mode and the procedure ends (step S69). 

45 As described above, in the transmitting/ receiving apparatus according to the fourth embodiment of the present 

invention, for the purpose of maintaining the predetermined communication quality against a change in reverse link 
quality due to movement of the mobile station during communication, the communication quality of forward link is 
presumed in the mobile station and the kind and the number of spreading codes are adaptively controlled in accordance 
with the presumed communication quality The time required for communication can be decreased by increasing the 

so kind and the number of spreading codes to be assigned when the link quality is improved. 

(Fifth Embodiment) 

In the transmitting/receiving apparatus for performing transmission and reception by using a plurality of spreading 
55 codes, only signals transmitted by' using some spreading codes cannot sometimes satisfy the quality condition de- 
pending on link conditions and the performance of spreading codes. In this case, the efficiency will be degraded greatly 
if a request for re-transmission is made with respect to all spreading codes. 

Thus, in a transmitting/receiving apparatus according to a fifth embodiment of the present invention, it is decided 
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(Seventh Embodiment) 

When information requiring real time nature such as voice and data , 

and data no. requ.nng rea. time nature are transmitted 
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and received using a plurality of spreading codes, the data not requiring real time nature is sometimes transmitted/ 
received through only one of a forward link from the base station to the mobile station and a reverse link from the 
mobile station to the base station. Further, when desired quality of receiving data cannot be maintained, a re-trans- 
mission request is made. In this case, for example, when voice is transmitted using one kind of spreading code and 
data not requiring real time nature is transmitted using two kinds of spreading codes through only a reverse link or a 
forward link, it is necessary to transmit control information such as a request for data re-transmission through the 
forward link or the reverse link even if the data is transmitted through only a oneway link of reverse link or forward link, 
as will be described below. 

(1 ) In the Case of Transmission of Voice and Data from Base Station to Mobile Station 

0forward link: - 



spreading codes for voice 
spreading codes for data 

©reverse link: 

spreading codes for voice 
control information for data 



one kind (first spreading "code is assigned) 

two kinds (second and third spreading codes are assigned) 



one kind (fourth spreading code is assigned) 
one kind (fifth spreading code is assigned) 



(2) In the Case of Transmission of Voice and Data from Mobile Station to Base Station 
(3) forward link: 



spreading codes for voice 
control information for data ■ 

©reverse link: 

spreading codes for voice 
spreading codes for data 



one kind (first spreading code is assigned) 
one kind (second spreading code "is assigned) 



one kind (third spreading code is assigned) - • 

two kinds (fourth and fifth spreading codes are assigned) 



In the transmitting/receiving apparatus according to the seventh embodiment of the invention, the number of nec- 
35 essary spreading codes is reduced by carrying out the following processing. 

(1) In the case of transmission of data through only the forward link, spreading codes of the reverse link for trans- 
mission of data control information are unneeded by making a re-transmission request through the reverse link 
for voice. 

40 (2) In the case of transmission of data through only the reverse link, spreading codes of the forward link for trans- 

mission of data control information are- unneeded by making a re -trans miss ion request through the forward link 
for voice. 



45 



so 



55 



This is concreted as follows. 

(1) In the Case of Transmission of Voice and Data from Base Station to Mobile Station 
(Dforward link: 



spreading codes for voice 
spreading codes for data 

©re-verso link: 

spreading codes for voice 
control information for data 



one kind (first spreading code is assigned) 

two kinds (second and third spreading codes are assigned) 



one kind (fourth spreading code is assigned) 

mixed with voice for transmission (no spreading code is assigned) 



(2) In the Case of Transmission of Voice and Data from Mobile Station to Base Station 
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to said base station through a forward link from said base station to said mobile station at the time that com- 
munication with said mobile station is started, 

said transmitting/receiving apparatus installed in said mobile station comprising means (130. 141) for trans- 
mitting a signal to said base station by using the spreading codes of the designated kind and number, and 
said transmitting/receiving apparatus installed in said base station further comprising means (24,) for detecting 
receiving quality values of the signal transmitted from said mobile station with respect to individual spreading 
codes used in said mobile station, means (24 v 30) for deciding whether the detected receiving quality values 
exceed a prescribed quality value, and means (30) for finally setting kind and number of spreading codes to 
be used in said reverse link on the basis of spreading codes for which the detected receiving quality values 
are determined to exceed the prescribed quality value. 

Transmitting/receiving apparatuses according to claim 1, wherein said transmitting/receiving apparatus installed 
in said base station further comprises means (30) for reducing the number of spreading codes to be used in said 
reverse link and designating the reduced number of spreading codes to said mobile station through said forward 
link when the detected receiving quality values are all determined to be smaller than said prescribed quality value. 

Trans mining/receiving apparatuses according to claim 1, wherein said transmitting/receiving apparatus installed 
in said base station further comprises means (24 v 30) for deciding whether receiving quality values of the signal 
transmitted from said mobile station exceed a prescribed quality value after the kind and number of spreading 
codes lo be used in said reverse link are finally set, and means'(30) for re-setiing'lhe kind and number of spreading 
codes to be used in said reverse link on the basis of the spreading codes for which the detected receiving quality 
values are determined to exceed said prescribed quality value. 

Transmitting/receiving apparatuses according to claim 3, wherein said transmitting/receiving apparatus installed 
in said base station further comprises moans (24, , 30) for increasing tho number of spreading codes to bo used 
in said reverse link and re-designating the increased number of spreading codes to said mobile station through 
said forward link when receiving quality values of the signal transmitted from said mobile station are all determined 
to exceed said prescribed quality value after the kind arid number' "of spreading codes to be used in said reverse 
link are finally set. 1 ■. 

Transmitting/receiving apparatuses according to claim 3i wherein said transmitting/receiving apparatus installed 
in said base station further comprises means (24,, 30) for reducing the number of spreading codes to be used in 
said reverse link and re-designating the reduced number of spreading codes to said mobile station through said 
forward link when receiving quality values of the signal transmitted from said mobile station are all determined to 
be smaller than said prescribed quality value after the kind and number of spreading codes to be used in said 
reverse link are finally set. * ' 

Transmitting/receiving apparatuses installed in a base station and a mobile station, respectively, to perform mutual 
transmission and reception by using a plurality of spreading codes, 

said transmitting/receiving apparatus installed in said base station comprising means (25,, 30) for designating 
to said mobile station kind and number of spreading codes to be used in a forward link from said base station 
to said mobile station through said forward link at the time that communication with said mobile station is 
started, and means (30, 41) for transmitting a signal to said mobile station by using spreading codes of the 
"designated kind and number, and ' ' 

said transmitting/receiving apparatus installed in said mobile station comprising means (124,) for detecting 
receiving quality values of the signal transmitted from said base station with respect to individual spreading 
codes, means (124,, 130) for deciding whether the detected receiving quality values exceed a prescribed 
quality value, and means (130) for finally setting the kind and number of spreading codes to be used in said 
forward link on the basis of spreading codes for which the detected receiving quality values are determined 
to exceed said prescribed quality value. 

Transmitting/receiving apparatuses according to claim 6, wherein said transmitting/receiving apparatus installed 
in said base station further comprises means (30) for reducing the number of spreading codes to be used in said 
forward link and re-designating the reduced number of spreading codes to said mobile station through said forward 
link when the detected receiving quality values are all determined to be smaller than said prescribed quality value. 

Transmitting/receiving apparatuses according to claim 6, wherein said transmitting/receiving apparatus installed 
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FIG. 6 



Qp 



HbCbPTION / DECODE OF 
FORWARD LINK RirtMAi 




ACQUISITION OF THE 
NUMBER AND KIND OF CODES 
BY CHANN EL-DECOriF 

r 



S40 



S41 



, RECEPTION OF FORWARD 
U ™ SIGNAL AND DECODING 

OF THE SIGNAL BY 
DESPREAD WITH SET CODES 



S42 



"htCEIVING QUALITY 
PRESUMPTION 





THE NUMBER OF CODES HAVINfi 
= RECEIVING QUALITY VALUES - 
EXCEEDING DESCRIBED VALu! (N) 



N = 0 





N>=1 




_^S45 


REOUbSI FOR 
TRANSMISSION WITH 
N KINDS OF CODES 




S46 

^the"numberof 

n CODES DURING THE >- 
PRESENTTRANSMISSION (M) m < 



M = 1 



„ HbQUEST FOR 

TRANSMISSION WITH 
M KINDS OF CODES 



zr 



S47 



RETURN TO NORMaT 
d TRANSMITTING/ 
-RECEIVING MODE 



-S48 



22 



EP 0 809 373 A2 



<£>. 
CO 



OQ|co 
W520 

LUnr 




CO 



o 
11 




LO 

CO 
CO 



cczw 
OOQco 

^1° 



CO 
CO 



CO 

CO 



sli° 



o 
II 

CM 



OOoco 

^ .8 




+ 

CM 



CD 
CO 



\ 




00 
CO 



BNSDOCID: <EP 06O9373A2_l_> 



23 



BP 0 809 373 A2 



FIG. 8 
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(54) Transmitting/receiving apparatus using a plurality of spreading codes 



(57) Transmitting/receiving apparatuses are in- 
stalled in a base station and a mobile station, respec-: 
tively, to perform mutual transmission and reception by 
using a plurality of spreading codes. The transmitting/ 
receiving apparatus installed in the base station has a 
block (25., , 30) for designating to the mobile station the 
kind and the number of spreading codes used in a re- 
verse link from the mobile station to the base station 
through a forward link at the time that communication 
with the mobile station is started, the transmitting/re- 
ceiving apparatus installed in the mobile station has a 
block (130, 141) for transmitting a signal to the base sta- 



tion by Aj sing spreading codes of the designated kind 
and number. The transmitting/receiving apparatus in- 
stalled in the base station further has a block (24,) for 
•detecting receiving quality values of the signal transmit- 
ted from the mobile" station with respect to individual 
spreading codes used in the mobile station, a block (24, , 
30) for deciding whether or not the detected receiving 
quality values exceed a prescribed quality value, and a 
block (30) for finally setting the kind and number of 
spreading codes to be used in the reverse link on the 
basis of the spreading codes for which the detected re- 
ceiving quality values are determined to exceed the pre- 
scribed quality value. 
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